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http://dx.doi.org/10.1016/j.jfma.201Background/Purpose: Few studies have been conducted examining the genuine sleep condi-
tion and memory in patients with euthymic bipolar disorder. Thus we evaluated sleep
complaints and memory functions in psychotropic drug-free euthymic patients with bipolar
disorder.
Methods: Twenty-two psychotropic drug-free euthymic patients with bipolar disorder and 44
healthy controls matched by age and sex were recruited and assessed using the Pittsburgh
Sleep Quality Index (PSQI) and the Wechsler Memory ScaleeRevised (WMS-R).
Results: The quality of sleep and memory function of the euthymic patients with bipolar
disorder were significantly poorer than those of the controls. Both years of education and
the hypnotic use sub-item of the PSQI were significantly correlated with visual memory index
of the WMS-R.
Conclusion: Sleep complaints management is important in euthymic patients with bipolar
disorder.
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Sleep quality and executive function in euthymic state 299Introduction To the best of the authors’ knowledge, no studies have yetBipolar disorder is a life-long illness that has a detrimental
effect on the human brain.1,2 During its acute phases, in
both manic and depressive episodes, clinically significant
symptoms seriously impair social ability, sleep rhythm and
cognitive function.3,4 Although modern classification
systems are able to describe diagnostic criteria for bipolar
mania and depression, they fail to capture the pathology of
the euthymic state accurately.5 There has been increasing
interest in euthymic bipolar patients with regard to
whether structural or functional abnormalities are present
in the remission state. The use of advanced structural and
functional brain imaging technology has led to the conclu-
sion that the symptoms of bipolar disorder are emergent
properties of dysfunctional brain networks.6e8 The results
of various tests assessing cognitive function have also
shown impairments in the domains of attention, executive
function, working memory, and verbal learning as
compared with healthy individuals.9,10 Moreover, a meta-
analysis11 revealed that impairment of memory is one of
the most consistent cognitive dysfunctions reported in
euthymic bipolar patients.
Although sleep disturbance is a prominent symptom
pertaining to acute episodes or the euthymic state of
patients with bipolar disorder,5 it has seldom been inves-
tigated. Specifically, few studies have evaluated poly-
somnographic anomalies in euthymic bipolar patients, and
no significant differences in the results of polysomnography
between euthymic patients and their controls have been
found,12 although Sitaram et al found an increased REM
density in remitted bipolar patients.13 In contrast to
objective measurements using polysomnography, subjec-
tive sleep complaints are the most robust early symptom of
mania14 and a good warning sign of relapse.15 Moreover, the
high prevalence of sleep disturbance among euthymic
bipolar patients16 may play a significant role in clinical
outcomes.5
With regard to the relationship between memory
function and sleep disturbance, a growing body of
evidence indicates a need for sleep in order to carry out
the initial coding of information before it is learned.
Significant memory retention impairments have been
noted in subjects after 36 hours’ sleep deprivation.17
Other research has demonstrated the need for sleep
after learning if the subsequent consolidation and
enhancement of procedural memories are to be ach-
ieved.18 Furthermore, several reports by Born et al further
indicate the important role of slow wave sleep on the
outcome of a word-pair association task following sleep.19
In addition, a number of reports have also described
a relationship between learning and the sleep spindles of
stage-2 sleep20 and REM sleep.21 In bipolar patients, this
relationship becomes more complicated. Firstly, the
prescribed psychotropic drugs themselves could exert
influence both sleep and executive functions. Secondly,
patients with sleep disturbance tend to use hypnotics to
overcome insomnia, even during euthymic states. And
according to a meta-analytic evaluation of 13 studies, long
term benzodiazepine use show impairment over a wide
range of cognitive functions.22been conducted to explore the subjective sleep quality in
psychotropic drug-free euthymic patients with bipolar
disorder. The aims of this study were thus to compare
psychotropic drug-free euthymic bipolar patients with
healthy controls with regards to subjective sleep quality and
memory, in order to examine whether poorer sleep quality is
related to memory impairments in euthymic patients.Methods
Participants
This study was approved by the Ethical Committee for
Human Research at the National Cheng Kung Hospital.
Before any procedure was performed, written informed
consent was obtained from all of the participants. To
confirm the diagnosis of bipolar disorder in the 22
patients, all were assessed by a senior psychiatrist using
the Chinese version of the modified schedule of affective
disorder and schizophrenia-lifetime (SADS-L).23,24 The
euthymic bipolar patients, with a mean age of 29.3 years
[standard deviation (SD)Z 7.7], were recruited from our
previous database of out-patients with bipolar disorder via
invitation mails. In addition, some of the euthymic
patients were initially recruited from the community as
healthy controls and were then diagnosed with bipolar
disorder using the Chinese version of the mini interna-
tional neuropsychiatric interview (MINI)25 and SADS-L.
Before participating in this study, the bipolar patients
must have been in the euthymic state and must have dis-
continued the use of psychotropic medications, including
mood stabilizers, for at least 2 months. The euthymic
state was defined as a patient within at least 8: (1) a total
score on the Young’s mania rating scale 5, and (2) a total
score on the Hamilton depression rating scale 7.26,27
Furthermore, euthymic bipolar patients had to meet the
following criteria: (1) age 21e50 years; (2) a previous
diagnosis of bipolar disorder; (3) duration of euthymic
state 2 months; (4) psychotropic drug and mood
stabilizer-free during the 2 preceding months; (5) no
significant medical or neurological illnesses; and (6) not
pregnant or lactating. The mean duration of illness was 6.5
years (SDZ 4.0, medianZ 7.8, interquartile rangeZ 7.2),
and the mean numbers of episodes was 3.4 times
(SDZ 2.3, medianZ 2, interquartile rangeZ 4).
Forty-four participants with a mean age of 29.0
(SDZ 8.0), 18males and 26 females,wereenrolled in various
studies as healthy controls from the community through
research advertisements. The controls were interviewed by
a senior psychiatrist using the Chinese version of the MINI,25
and had to meet the following criteria for inclusion in this
study: (1) no current or past psychiatric disorders; (2) no
significant medical or neurological illnesses; and (3) not
pregnant or lactating. The healthy controls and bipolar
patients were matched in terms of age, sex, and years of
education. All subjects were right-handed and had no prior
history of alcohol or substance abuse/dependence disorders
according to the DSM-IV criteria. All participants underwent
MRI scanning with negative findings.
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Chinese version of the Pittsburgh Sleep Quality Index
The Pittsburgh Sleep Quality Index (PSQI) is a self-
administered questionnaire used to evaluate subjective
sleep quality during the previous month.28 It contains 19
self-rated questions, yielding both a global score and seven
component sub-scores: subjective sleep quality, sleep
latency, sleep duration, sleep efficiency, sleep disturbance,
use of sleep medication, and daytime dysfunction. Each
component is scored from 0 to three, yielding a global PSQI
score between 0 and 21, with higher scores indicating
a poorer quality of sleep. A PSQI global score greater than
five indicates ‘poor sleep’ with a sensitivity of 89.6e98.7%
and a specificity of 84.4e86.5%.28,29 The same cut-off score
of the Chinese version of the PSQI has been shown to have
a sensitivity of 98% and specificity of 55%,30 and is a reliable
and valid tool for the assessment of sleep quality.28,30
Wechsler Memory ScaleeRevised
The Wechsler Memory ScaleeRevised (WMS-R) was admin-
istered to each subject.31 This memory test includes the
verbal memory assessment section of the WMS, and mainly
assesses memory function in terms of the verbal memory,
visual memory, and delayed recall. Assessment of the
attention/concentration index is also included, the test
consisting of digit span forward/backward and visual span
forward/backward subtests. This tool thus measures not
only attention and concentration, but also verbal and
spatial working memory. The average score and SD for the
WMS-R in the general population are 100 and 15,Table 1 Sociodemographics, sleep quality, and Wechsler Memo
controls.
Group [mea
Euthymic bipolar
patients (nZ 22)
Age (y) 29.26 (7.70)
Sex (male/female) 9/13
Educational level (y) 14.05 (2.98)
HDRS 2.71 (2.19)
YMRS 2.56 (1.76)
PSQI
Sum 9.30 (3.76)
Subjective sleep quality 2.05 (0.79)
Sleep latency 2.10 (0.79)
Sleep duration 1.14 (1.04)
Habitual sleep efficiency 0.43 (0.75)
Sleep disturbances 1.43 (0.75)
Use of sleep medication 0.59 (1.10)
Daytime dysfunction 1.55 (0.60)
WMS-R
Verbal memory index 98.18 (19.74)
Visual memory index 110.77 (12.99)
General memory index 102.73 (18.49)
Attention/concentration 109.73 (12.48)
Delayed-recall memory index 105.18 (18.10)
HDRSZ Hamilton Depression Rating Scale; YMRSZ Young’s Ma
WMS-RZWechsler Memory ScaleeRevised.respectively. Cross-validation has been confirmed in
previous study (Table 1).32
Statistical analysis
The data were analyzed using SPSS 17 software (SPSS Inc.,
Chicago, IL, USA). Means and SD were calculated for the
participants’ demographic data. Because the assessment
scores did not have a normal distribution, the Wilcoxon
signed ranks test was carried out to examine the differ-
ences between the euthymic bipolar patients and healthy
controls. The stepwise multivariate linear regression model
was used to examine the effects of age, years of education,
total PSQI score or the score of the hypnotic use sub-item
on different indexes of memory function. The threshold for
statistical significance was 0.01 for correcting the multiple
comparisons.
Results
There were no significant differences between the euthy-
mic bipolar patients and the healthy controls regarding
gender, age, or years of education. In the WMS-R test, the
visual memory, delayed-recall memory index, and sum
score of PSQI differed significantly between the patients
and normal controls. The linear regression model demon-
strated that the total PSQI score was not significantly
correlated to the memory (p> 0.32). With regard to the
PSQI sub-items, the sub-item of hypnotic use is considered
the most robust measurement, as measuring the frequencyry ScaleeRevised scores of the euthymic patients and healthy
n (SD)] Statistical test
Healthy
controls (nZ 44)
Wilcoxon signed
ranks test
p
29.01 (7.98) 0.60 0.548
18/26 d d
14.68 (2.78) 1.60 0.111
d d d
d d d
5.83 (1.49) 3.25 0.001
1.27 (0.53) 3.45 0.001
1.25 (0.44) 3.17 0.002
0.80 (0.40) 1.35 0.178
0.29 (0.54) 0.77 0.439
1.12 (0.44) 1.54 0.124
0.02 (0.11) 2.23 0.026
0.98 (0.52) 2.52 0.012
107.52 (10.73) 1.98 0.048
121.86 (10.00) 2.97 0.003
113.57 (11.45) 2.24 0.025
113.48 (10.33) 1.01 0.314
117.77 (12.51) 2.73 0.006
nia Rating Scale; PSQIZ Pittsburgh Sleep Quality Index;
Table 2 Stepwise multiple regression results in euthymic patients with bipolar disorder.
Dependent variable Statistics
F p Independent variable b t p
Verbal memory index 5.71 0.027 Years of education 0.47 2.39 0.027
Visual memory index 7.25 0.005 Years of education 0.64 3.42 0.003
Taken a hypnotic 0.55 2.90 0.009
General memory index 6.25 0.008 Years of education 0.65 3.34 0.003
Taken a hypnotic 0.46 2.39 0.027
Attention/concentration d d d
Delayed-recall memory index d d d
Indices of the Wechsler Memory ScaleeRevised were the dependent variables; age, years of education, and taken a hypnotic were the
independent variables.
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other sub-items, which subjects measure based on personal
assumptions or perceptions. The linear regression model
was thus re-analyzed using the sub-item of hypnotic use
rather than the sum score of the PSQI. The results show that
both years of education and the sub-item of hypnotic use
were significantly correlated to visual memory index in the
euthymic patients with bipolar disorder (Table 2).Discussion
The results related to the first aim of this study showed
a higher frequency of poorer sleep quality and memory
impairments in the psychotropic drug-free euthymic bipolar
subjects as compared with the healthy controls, echoing
the findings of previous works.9e11,33 However, these find-
ings were not able to clarify whether the impairment was
directly caused by the underlying illness or hypnotics, as
a significant proportion of the patients had occasionally
taken hypnotics to alleviate their sleep problems. The use
of hypnotics has been shown to result in sedation,
psychomotor slowing, anterograde amnesia, and difficulty
in learning.34 Meta-analysis22 found a significant cognitive
decline in all 12 cognitive domains in subjects with long-
term usage hypnotics. In addition, the increased
frequency of adverse psychomotor events has been attrib-
uted to long-term hypnotics use in older people,35 while
there have been other reports of an improved quality of life
after taking Z-drugs to alleviate sleep problems.36
Consequently, the results regarding the second aim of this
study showed that subjective poor sleep quality, using the
sub-item of hypnotic use as the index, could correlate with
poor memory function in euthymic patients with bipolar
disorder. Earlier studies have proposed that continuous sleep
self-monitoring is very useful in preventing relapses of
bipolar disorder.15,37 In the current study, even in euthymic
patients free of psychotropic drugs, subjective sleep quality
as assessed by the sub-item of hypnotic use was still corre-
latedwith poorermemory. It is possible that insomniamaybe
a proxy for the chronicity or severity of bipolar disorder.
Moreover, the possible subsyndrome of depression or mood
swing could be the possible contributing factor for impaired
memory ability and confoundedbyhypnotic use. Another key
issue is the subjective perception of sleep disturbance
instead of sleep duration and efficiency. Harvey et al16 triedto assess subjective attitudes and beliefs toward sleep
among euthymic bipolar patients, insomniacs, and subjects
with good sleep. The results revealed that bipolar disorder
group held dysfunctional beliefs about sleep that was
comparable to that in the insomnia group. It is reasonable to
extend this finding to hypothesize that the misperception of
sleep conditions in euthymic bipolar patients might play an
important role in the persistence of sleep disturbances and
the continued use of hypnotics, with the latter having
a subsequent influence on memory function. However, large
sample-sized studies are needed to further clarify this
relationship.
Sleep disturbance not only may exacerbate manic
episodes, but also persist during the euthymic state.5
Therefore, managing sleep complaints is critical when
treating patients with bipolar disorder. With regard to the
variance of subjective sleep complaints, using more robust
sleep complaints, such as the sub-item of hypnotic use, may
be more sensitive in this context. It is essential that clini-
cians have an understanding of the importance of sleep
complaints or poorer sleep quality in bipolar patients, and
develop a comprehensive approach to managing poor sleep
quality or sleep complaints.
There are several limitations in this study that suggest
directions for future research. First, due to small sample
size, only a limited number of variables are included in the
linear regression model. Second, the samples were of an
unequal gender distribution, violating the best practices of
general epidemiological statistics.38 Moreover, as there was
a lack of data on the dosage of hypnotics used by the
patients, care should be taken when attempting to gener-
alize the effects of hypnotics on patients with bipolar
disorder. Finally, the possibility of the presence of sleep
disorder comorbidities, which could influence the measured
outcome variables, was not excluded by performing
polysomnography.Acknowledgments
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